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Abstract
Objective: Although racial and gender disparities in healthcare treatment have been widely studied,
relatively few studies have focused on the critically ill population and have had conflicting results.
In this study, we sought to assess the associations between a patient’s race and gender and their
ICU mortality, length of stay, and any observed delays in the discharge process.
Methods: We utilize a large single-center database called MIMIC-III to analyze the association be-
tween a patient’s race and gender and the outcomes of hospital mortality, ICU length of stay, and
delays in discharge process. All analysis is conducted using R. Multivariable logistic regression is used
for the outcome of hospital mortality and multivariable linear regression is used for the outcomes of
ICU length of stay and delays in discharge. The statistical level of significance is set at alpha = 0.05.
Results: Without adjusting for any covariates, compared to White Males, Asian Females had a
lower ICU length of stay, White Females had a higher odds of hospital mortality, Hispanic/Latino
Males and Females had a lower odds of hospital mortality, and White and Black/African-American
Females had a longer delay in discharge. Upon adjusting for several covariates, White Females and
Black/African- American Females had an ICU length of stay that was on average lower than White
Males and Black/African-American Females had on average a lower odds of hospital mortality than
White Males. The significant association seen for Asian Females for ICU length of stay and White
Females and Hispanic/Latino Males and Females for hospital mortality disappeared. There was also
no significant racial and gender difference for delays in discharge when controlled for other covariates.
Conclusion: The racial and gender differences for the outcomes of ICU length of stay and hospital
mortality may indicate difference in treatment patterns or could also be attributed to other factors
such as difference in treatment preferences. However, this study has assessed the associations between
each race and gender category for three different healthcare outcomes in a classically understudied
population. The significant results obtained here can serve as an important cornerstone to motivate
future research on health disparities in the critically ill population.
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Introduction
The presence of racial and gender differences in healthcare treatment and outcomes is well estab-
lished. For instance, research has suggested that Black patients have a significantly longer post-
operative length-of-stay after elective colorectal surgery than other races but this discrepancy can
be explained by differences in availability of enhanced recovery after surgery (ERAS), which uses
standardized perioperative strategies such as patient education to reduce the physiologic stress of
surgery [8], [23]. A study done by Joseph et al. concluded that Non-Hispanic Black, Hispanic, and
Other racial groups with hypertrophic pyloric stenosis were more likely to have a longer pre-and
post-operative length-of-stay than Non-Hispanic White patients [13]. For coronary artery bypass
graft (CABG) male patients, Hispanic and Asian-American patients have been found to have lower
in-hospital mortality than White patients and Black patients have been found to have a higher
in-hospital mortality than White patients [2]. For patients with sepsis-related hospitalization, the
mortality rates have been found to be similar for White, Black, and Hispanic patients, but have
been elevated for Asian/Pacific Islander patients [12].
In terms of gender, research has shown that in patients who underwent CABG, females have a
prolonged length-of-stay compared to males after adjusting for comorbidity and other covariates [3].
In patients who had an acute myocardial infarction, the overall in-hospital mortality was found to
be higher in females than males and the mortality rate increased for both genders with age [7].
However, relatively few studies have studied the effect of both gender and race on healthcare out-
comes in the critically ill patient population [6]. Although ICU patients form a heterogeneous
population, they all share some common factors such as the need for frequent monitoring due to
high severity of illness [19]. Therefore, differences in treatment patterns in this population are likely
to be indicative of disparities in the provision of care. A deeper understanding of the factors that
contribute to health outcome disparities in the ICU will contribute to improved chronic disease
management and treatment efforts across the healthcare system for all patients since the critically
ill population has been understudied [18]. For instance, research conducted by Hoffman et al. high-
lighted racial bias in pain assessment among medical students. These studies typically show that
White medical students are more likely to perceive that Black patients feel less pain than White
patients, which can result in inadequate and discriminatory treatment recommendations for Black
patients [9]. However, this study did not focus specifically on the critically ill population and used
simulated cases to assess racial bias, which may not mirror treatment decisions in practice.
The few studies that do examine care for critically ill populations have been limited by small sample
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sizes, a lack of examination of potential confounding factors such as socioeconomic status and end-
of-life preferences, or have had conflicting results [6]. For example, a study that analyzed data from
forty-two ICUs at 40 U.S hospitals found that race had no significant effect on hospital survival
after adjusting for patient characteristics. This study, however, only analyzed differences between
African-American and White patients [24]. Another study analyzed data obtained from intensive
care units for patients with acute lung injury and found that Black and Hispanic patients had a
significantly higher risk of death compared to White patients. This study only focused on a specific
patient population and did not control for socioeconomic status [5]. A secondary data analysis of
critically ill patients from California ICUs found no significant racial disparities in hospital mortality
after adjusting for patient characteristics. However, Black patients were discovered to have longer
unadjusted stays in the ICUs, which was mediated by acute severity of illness and socioeconomic
status [6]. This study was limited to California patients who had volunteered to participate which
may have influenced the type of care provided by the hospital and reduced the ability of the study
to detect disparities [6]. The results of this study could be subject to selection bias and may
lack generalizability. Another study that analyzed the association between gender and healthcare
outcomes of critically ill patients found that in patients < 50 years of age, women had a reduced
ICU mortality than men after adjusting for patient characteristics. However, this difference was
not significant for those > 50 years of age [14]. This study did not adjust for racial differences or
confounders such as ICU staffing that may have played a role in the observed differences. Most of
the studies that have focused on the critically ill population have analyzed the separate associations
of race and gender with healthcare outcomes. Relatively few, if any, have focused on the combined
association of race and gender with outcomes.
In this study, we use observational clinical data and hospital records to examine the presence of
racial and gender bias in the care of critically ill patients. Our research objectives are:
1. To assess the association between the race and gender of critically ill patients with their ICU
mortality.
2. To assess the association between the race and gender of critically ill patients with their length
of ICU stay and any observed delays in the discharge process.
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Materials and Methods
Data Source and Study Design
We utilize a retrospective cohort study design in this study, leveraging the MIMIC-III (‘Medical
Information Mart for Intensive Care’) data-set, a large single-center database [11]. MIMIC-III
comprises information relating to patients admitted to critical care units at Beth Israel Deaconess
Medical Center, a teaching hospital of the Harvard Medical School in Boston, between 2001 and 2012
[11]. To obtain access to MIMIC-III, we first completed the CITI “Data or Specimens Only Research”
course and submitted an online application requesting access to the data-set. Once approved, the
data-set was available for download from PhysioNetWorks [17]. The Yale Institutional Review Board
deemed this research to be exempt from review.
Cohort Selection
Our final study sample size for the outcomes of hospital mortality and length of stay consists of
33,686 patients. Our analysis data-set includes adults above the age of 18 and those who have valid
(non-missing) values for race and gender (our primary independent variables of interest), admission
type, admission location, discharge location, insurance, primary diagnosis, and age. For patients
with multiple admissions, we only consider the first ICU admission in this analysis which helps
maintain independence of observations. The approach of analyzing only one ICU admission per
patient has been used in previous studies that used the MIMIC-III data-set. For instance, Stretch
et al. only analyzed the most recent ICU admission for each patient to assess the effect of boarding
on mortality in ICUs [21]. We construct variables describing the total number of comorbidities
(calculated as the total number of distinct diagnoses), hospital stays, and ICU stays for each patient
in our final sample.
Our final sample size for the outcome of delays in discharge consists of 19,868 patients. The criteria
for inclusion in this population remains the same. There are fewer patients available for this analysis
since the information on discharge was only collected part-way through the creation of the MIMIC-III
database [4].
Exposures of Interest
The primary exposures of interest are race and gender.
We use five broad categories to define a person’s race. These are: White, Asian, Black or African
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American, Hispanic or Latino, and Other. We originally planned on using the six categories as
recommended by the NIH for reporting purposes (White, Asian, Black or African American, Hispanic
or Latino, American Indian or Alaska Native, and Native Hawaiian or Other Pacific Islander) [16].
However, in this study we categorize American Indian or Alaska Native and Native Hawaiian or
Other Pacific Islander in the Other race category due to small patient sample size in these groups
in our data. The two gender categories available in the data-set are Male and Female.
The race and gender variables are combined to form a new interaction variable that serves as the
primary exposure of interest. Thus, the variables used as the primary exposures of interest in the
analysis are White Male, White Female, Asian Male, Asian Female, Black or African American
Male, Black or African American Female, Hispanic or Latino Male, Hispanic or Latino Female,
Other Male, and Other Female.
Outcomes of Interest
Hospital Mortality
One of the outcomes of interest is hospital-mortality. This is a binary variable which indicates
“whether the patient died within the given hospitalization. 1 indicates death in the hospital, and 0
indicates survival to hospital discharge” [1].
Length of Stay
The other outcome of interest is length of stay in the ICU. We use this outcome because it is
unclear whether a shorter or longer LOS in the ICU is better for health-care outcomes and previous
research studies have showed conflicting results. This is measured in fractional days [10]. We convert
fractional days to hours for ease of interpretation in this study.
Delays in Discharge from ICU
The other outcome of interest is delays in discharge from the ICU. We look at this outcome because
previous research has found delays in discharge from the ICU to be associated with increased length
of ICU stay which impacts the efficiencies of the ICU and incurs additional healthcare costs [22].
This is calculated in minutes as the difference between the time the patient was actually discharged
from the ICU and the time a call out request was created for the patient by a care provider. This
information was not available for all adult patients since this data was only collected part way
through the creation of the MIMIC-III database [4].
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Statistical Analysis
All analysis is conducted using R [20]. Multivariable logistic regression is used to assess associa-
tions between a patient’s race and gender and the outcome of hospital mortality. The outcome of
length of stay is log-transformed to account for the non-normal distribution of patient stays and
multivariable linear regression is used to assess associations between a patient’s race and gender and
log-transformed length of stay in the ICU. Multivariable linear regression is used to assess associ-
ations between a patient’s race and gender and the outcome of delays in discharge from the ICU.
The statistical level of significance is set at alpha = 0.05. We use a model where we assess the
association between the created interaction term of a patient’s race and gender with each outcome
(both adjusted and unadjusted).
The models for length of stay and delays in discharge (1 and 2 below) include controls for the
patient’s age, admission type, admission location, discharge location, insurance, marital status,
primary diagnosis, the total number of comorbidities, the total number of hospital visits, and the
total number of ICU visits. The model (3 below) for hospital mortality includes controls for the
patient’s age, admission type, admission location, insurance, marital status, primary diagnosis, the
total number of comorbidities, and the total number of hospital visits.
log(LOS)
= β0 + β1Age + β2Admission Type + · · · + β10Number of hospital visits + ε (1)
Delays in Discharge
= β0 + β1Age + β2Admission Type + · · · + β10Number of hospital visits + ε (2)
log(Pr(Hospital Mortality)/ 1 - Pr(Hospital Mortality))
= β0 + β1Age + β2Admission Type + · · · + β8Number of hospital visits + ε (3)
Results
As seen in Table 1 and Table 2, a total of 33,686 patients were included in the analysis for the
outcomes of hospital mortality and length of stay in the ICU. 81.8% of all the patients were White,
8.8% were Black/African-American, 3.7% were Hispanic/ Latino, 3.0% were the Other Race cate-
gory, and 2.7% were Asian. Out of the total sample, 56.1% were Males and 43.9% were Females. The
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average age was 63.8 years, the average number of comorbidities was 5.9, and the average number of
hospital and ICU visits was 1.3 and 1.4, respectively. The majority of the included population were
admitted as emergency admissions (81.8%), were discharged home (53.5%), and were covered by
Medicare (53.1%). 25.5% of the total population had a primary diagnosis of a disease of the circu-
latory system, 48.7% were married or had life partners, and 46.5% were admitted in the emergency
room.
As seen in Table 3 and Table 4, a total of 19,868 patients were included in the analysis for the
outcome of delays in discharge from ICU. A majority of the patients were admitted in the emergency
department (82.3%), were discharged to go back home (57.3%), were covered by Medicare (53.3%),
and were Male (56.%). 81.0% of the total population was White, 9.3% was Black, 4.1% was Hispanic,
2.9% was Asian, and 2.8% was the Other race category. 43.6% were admitted through referrals,
48.0% were married, and 23.2% had a primary diagnosis of a disease of the circulatory system. The
average age was 64.0 years, the average number of comorbidities was 6.4, and the average number
of hospital and ICU visits per patient was 1.3 and 1.4, respectively.
As seen in Table 5 and Table 6, among the sample for the outcomes of hospital mortality and ICU
length of stay, White patients were, on average, the oldest group (65.1 years) and Latino patients
were, on average, the youngest group (52.8 years). More than 50% of White, Asian, Hispanic, and
Other race patients were Males whereas more than 50% of Black patients were Females. Most of the
White, Asian, Black, and Hispanic patients were on Medicare whereas the most common insurance
for the Other race patients was private (38.2%). Most of the White, Asian, and Other patients
were married or had a life partner whereas most of the Black and Hispanic patients were single or
widowed. The most common primary diagnosis was a disease of the circulatory system for all the
races. Across all races, Black patients had the highest number of average comorbid conditions (6.2)
and Hispanic patients had the lowest number of average comorbid conditions (5.6). Black patients
had the highest number of average visits to the hospital (1.6) and the Other patients had the lowest
number of average visits to the hospital (1.2). Black patients had the highest number of average
ICU visits (1.7) and the Other race and Asian patients had the lowest number of average ICU visits
(1.3). The most common admission type across all the races was emergency (more than 80.0%) and
the most common admission location across all the races, expect the Other race patients, was the
emergency room. Most of the Other race patients were admitted via referrals (45.6%). The majority
of all the races were discharged to go home (more than 50.0%).
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Length of Stay in the ICU
Table 7 contains the results of the linear regression model between race and gender and length of
ICU stay. This model has not been adjusted for any other covariates in the model. As seen here,
Asian Females had an ICU length of stay that was on average 9.8% lower than White Males.
Table 8 contains the model where all the estimates are adjusted for the other variables in the model.
White Females and Black/African-American Females had an ICU length of stay that was on average
2.7% and 5.8% lower than White Males, respectively. The statistically significant association seen
for Asian Females seems to disappear in this adjusted model. As the age increased by one year, the
average ICU length of stay decreases by 0.5%. Those with Medicare had an ICU length of stay that
was on average 8.8% lower than those with Government insurance 1 and those who self-paid had on
average an ICU length of stay that was 16.9% lower than those with Government insurance. Those
who were single or widowed and separated or divorced had an ICU length of stay that was 8% and
7.9% respectively lower than those who were married. Those with infectious and parasitic diseases
and diseases of the respiratory system had on average an ICU length of stay that was 10.4% and
20.9% longer than those with diseases of the circulatory system, respectively. Those with neoplasms,
endocrine, nutritional and metabolic diseases, and immunity disorders, diseases of the blood and
blood-forming organs, mental disorders, diseases of the nervous system and sense organs, diseases
of the digestive system, diseases of the skin and subcutaneous tissue, diseases of the musculoskeletal
system and connective tissue, congenital anomalies, symptoms, signs, ill-defined conditions, and
external causes of injury and supplemental classification had on average an ICU length of stay that
was 14.8%, 9.2%, 8.4%, 16.6%, 11.3%, 7.8%, 18.5%, 20.9%, 21.4%, 6.9%, and 16.8% shorter than
those with diseases of the circulatory system, respectively. As the total number of comorbidities
increased by one, the average ICU length of stay increased by 8%. As the total number of ICU stays
increased by one, the average ICU length of stay increased by 2.3%. Those who were Emergency
admissions had an ICU length of stay that was on average 10.9% lower than those who were elective
admissions. Those who were referred or emergency had an ICU length of stay that was 22.4% and
12.4% respectively shorter than those who were transferred. Those who died and were transferred to
other medical facilities had on average an ICU length of stay that was 48.6% and 71.3% longer than
those who were discharged to go back home, respectively. Those who left against medical advice
had on average an ICU length of stay that was 24.4% shorter than those who were discharged to go
back home.
1Government refers to healthcare insurance purchased through mass.gov in Massachusetts.
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Hospital Mortality
As seen in Table 9, without adjusting for any covariates, White Females had on average a 21.3%
higher odds of hospital mortality than White Males and Hispanic/Latino Males and Females had a
35.5% and 36.7% lower odds of hospital mortality than White Males, respectively.
Table 10 contains the model where all the estimates are adjusted for the other variables in the
model. Black/African-American Females had on average a 21.8% lower odds of hospital mortality
than White Males. The unadjusted statistically significant association seen for White Females and
Hispanic/Latino Males and Females disappeared when adjusted for other covariates at the 0.05
level. As age increased by a year, the odds of hospital mortality increased on an average by 2.6%.
Those who self-pay also had a 1.6% higher odds of hospital mortality than those with Government
insurance. Those with infectious and parasitic diseases, neoplasms, diseases of the nervous system
and sense organs, and diseases of the respiratory system had on average a 37.8%, 94.1%, 36.4%,
and 55.9% higher odds of hospital mortality than those with diseases of the circulatory system,
respectively. Those with mental disorders, diseases of the skin and subcutaneous tissue, diseases of
the musculoskeletal system and connective tissue, and external causes of injury and supplemental
classification had on average a 48.6%, 40.2%, 31.1%, and 12.8% lower odds of hospital mortality than
those with diseases of the circulatory system, respectively. As the number of diagnoses increased by
one, the odds of hospital mortality on average increased by 15.3%. Those who were Emergency and
Urgent admission types had a 242.2% and 205% times higher odds of hospital mortality than those
who were Elective admission type. Those who were referred had a 18.2% lower odds of hospital
mortality than those who were transferred and those who were admitted in the E.R had a 24.2%
higher odds of hospital mortality than those who were transferred. For the logistic regression model
of hospital mortality, the discrete variables of discharge location and number of ICU stays were
excluded from the model because the outcome was constructed only on the first ICU stay.
Delays in Discharge
As seen in Table 11, without adjusting for any covariates, when compared to White Males, White
Females had a 27.4 minutes longer delay in discharge and Black/African-American Females had a
52.8 minutes longer delay in discharge.
However, as seen in Table 12, upon adjusting for the other covariates in the model, this statistically
significant association seems to disappear. In this adjusted model, there is no statistically significant
association between race and gender and delays in ICU discharge. However, those with diseases of
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the musculoskeletal system and connective tissue had a 97.4 minutes longer delay in discharge and
those with external causes of injury and supplemental classification had a 30.8 minutes shorter
delay in discharge compared to those with diseases of the circulatory system. Those admitted via
referrals had a 29.6 minutes shorter delay in discharge compared to those were transferred and those
were admitted in the E.R had a 105.4 minutes longer delay in discharge compared to those who
were transferred. Those discharged to other medical facilities had a 68.2 minutes longer delay in
discharge compared to those discharged to go home.
Conclusion
We found that upon adjusting for all covariates in the model, White and Black/African-Americans
Females had a shorter ICU length of stay than White Males and Black/African-American Females
also had a lower hospital mortality than White Males. There were no statistically significant asso-
ciations seen between race and gender and delays in ICU discharge.
Our results agree with previous research that has shown that mortality and length of stay are
positively correlated [15]. However, in contrast to prior research, we find a statistically significant
relationship between race and the outcome of mortality [6] and [24]. The difference in results could be
due to various reasons such as difference in study cohort characteristics and adjustment of covariates.
The result for LOS is consistent with previous research done that found that African-American
patients had a shorter ICU length of stay than White patients [24]. However, Erickson et al.
found that after adjusting for demographical, clinical, and socioeconomic factors, ICU LOS was not
significantly associated with race. [6]. LOS is an interesting outcome to study and these conflicting
results are important to keep in mind for future work. It is unclear whether a shorter or longer
LOS in the ICU is better for health-care outcomes. While previous research has found that a longer
LOS in the ICU is associated with an increase in long-term mortality rate [15], it is plausible that
a longer stay is necessary for certain patients with severe illness. A short length of stay could also
indicate premature discharge of patients due to factors such as unavailability of open ICU beds. This
lack of clear direction is unlike the emergency room, which often serves as an intermediate stop for
patients. Therefore, in the emergency room, a longer length of stay is often indicative of healthcare
inefficiencies. The uncertainty surrounding LOS should be kept in mind while interpreting the
results obtained here which show that White and Black/African-Americans Females had a shorter
ICU length of stay than White Males.
Previous research has found delays in discharge from the ICU to be associated with increased length
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of ICU stay which impacts the efficiencies of the ICU and incurs additional healthcare costs [22].
While we did not find any race and gender associations for this outcome, we did find that those
who were discharged to other medical facilities had a significantly longer delay in discharge and
a significantly longer length of stay in the ICU compared to those who were discharged to go
home . This finding is interesting because it could reflect inefficiencies in the transfer process to
other facilities and indicate unavailability of beds in said facilities. This means that those who are
discharged to other facilities may face additional financial burden than those who go home due to
the additional costs of the additional stay in the ICU.
It is worthwhile to note the significance between other independent variables and the outcomes of
interest; after adjusting for other covariates in the model, those who self-paid were found to have a
shorter ICU length of stay and higher hospital mortality than those on government insurance. The
higher hospital (short-term) mortality seen in this case could be attributed to the shorter length of
stay in the ICU and it would be purposeful to study this group as a separate demographic in future
studies.
There were several limitations in this study. Mortality was only measured at the hospital level. We
did not include mortality information on patients after they were discharged from the ICU. The use
of anonymized data could mean that there might be unobserved confounders at play in the analysis
of the outcomes which may explain the significant results obtained. We have not assessed a causal
relationship between race and gender and the outcomes of interest in this study.
It is also important to note that while we did find racial and gender differences for the outcomes
of ICU length of stay and hospital mortality, these differences may not be perfectly indicative of
differences in treatment patterns and processes for different races and genders. These differences
may be attributed to other factors such as difference in treatment preferences.
However, this study has assessed the associations between each race and gender category for three
different healthcare outcomes in a classically understudied population. The significant results ob-
tained here can serve as an important cornerstone to motivate future research on health disparities
in the critically ill population.
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Tables
Table 1: Description of Sample, n = 33,686
Variable Levels n Column%
Admission Type Elective 5424 16.1
Emergency 27573 81.8
Urgent 689 2.0
Admission Location Transfer 5158 15.3
Referral 12866 38.2
Emergency Room 15662 46.5
Discharge Location Home 18020 53.5
Dead 3534 10.5
Other Medical Facility 11937 35.4
Left Against Medical Advice 195 0.6




Self Pay 421 1.2









Gender Male 18915 56.1
Female 14771 43.9
















E and V codes 3835 11.4
Race and Gender White Males 15667 46.5
White Females 11892 35.3
Hispanic/Latino Males 760 2.3
Hispanic/Latino Females 501 1.5
Black/African-American Males 1357 4.0
Black/African-American Females 1600 4.8
Asian Males 515 1.5
Asian Females 399 1.2
Other Males 616 1.8
Other Females 379 1.1
Refer Table 13 for ICD-9 codes
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Table 2: Description of Sample, n = 33,686
Variable x̄ s
Age 63.8 17.5
Total Number of Comorbidities 5.9 2.5
Total Number of Hospital Stays 1.3 1.0
Total Number of ICU Stays 1.4 1.1
Table 3: Description of Sample, n = 19,868
Variable Levels n Column%
Admission Type Elective 3242 16.3
Emergency 16360 82.3
Urgent 266 1.3
Admission Location Transfer 2957 14.9
Referral 8664 43.6
Emergency Room 8247 41.5
Discharge Location Home 11388 57.3
Dead 835 4.2
Other Medical Facility 7541 38.0
Left Against Medical Advice 104 0.5




Self Pay 196 1.0









Gender Male 11130 56.0
Female 8738 44.0
















E and V codes 2505 12.6
Race and Gender White Males 9148 46.0
White Females 6949 35.0
Hispanic/Latino Males 486 2.5
Hispanic/Latino Females 336 1.7
Black/African-American Males 832 4.2
Black/African-American Females 985 5.0
Asian Males 323 1.6
Asian Females 255 1.3
Other Males 341 1.7
Other Females 213 1.1
Refer Table 13 for ICD-9 codes
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Table 4: Description of Sample, n = 19,868
Variable x̄ s
Age 64.0 17.3
Total Number of Comorbidities 6.4 2.5
Total Number of Hospital Stays 1.3 0.8
Total Number of ICU Stays 1.4 1.0
Table 5: Description of the sample by Race, n = 33,686
Variable Levels White %W Asian %A Black %B Latino %L Other %O
Admission Type Elective 4729 17.2 142 15.5 255 8.6 151 12.0 147 14.8
Emergency 22243 80.7 752 82.3 2674 90.4 1085 86.0 819 82.3
Urgent 587 2.1 20 2.2 28 0.9 25 2.0 29 2.9
Admission Location Transfer 4631 16.8 82 9.0 193 6.5 137 10.9 115 11.6
Referral 10513 38.1 397 43.4 1030 34.8 472 37.4 454 45.6
E.R 12415 45.0 435 47.6 1734 58.6 652 51.7 426 42.8
Discharge Location Home 14347 52.1 558 61.0 1688 57.1 836 66.3 591 59.4
Dead 2987 10.8 102 11.2 255 8.6 84 6.7 106 10.7
Other 10088 36.6 251 27.5 977 33.0 327 25.9 294 29.6
Against Advice 137 0.5 3 0.3 37 1.2 14 1.1 4 0.4
Insurance Government 554 2.0 68 7.4 186 6.3 155 12.3 63 6.3
Medicaid 1691 6.1 190 20.8 508 17.2 325 25.8 136 13.7
Medicare 15357 55.7 365 39.9 1392 47.1 408 32.4 375 37.7
Private 9688 35.1 285 31.2 820 27.7 319 25.3 380 38.2
Self Pay 269 1.0 6 0.7 51 1.7 54 4.3 41 4.1
Marital Status Married/Life-Partner 13896 50.4 620 67.8 940 31.8 479 38.0 460 46.2
Single/Widowed 10659 38.7 236 25.8 1635 55.3 610 48.4 341 34.3
Separated/Divorced 1967 7.1 14 1.5 305 10.3 131 10.4 58 5.8
Unknown 1037 3.8 44 4.8 77 2.6 41 3.2 136 13.7
Gender Male 15667 56.9 515 56.4 1357 45.9 760 60.3 616 61.9
Female 11892 43.1 399 43.6 1600 54.1 501 39.7 379 38.1
Primary ICD-9 Codes 390-459 7211 26.2 194 21.2 660 22.3 293 23.2 228 22.9
001-139 696 2.5 46 5.0 114 3.9 46 3.6 29 2.9
140-239 811 2.9 46 5.0 82 2.8 33 2.6 36 3.6
240-279 2931 10.6 103 11.3 385 13.0 158 12.5 117 11.8
280-289 967 3.5 42 4.6 161 5.4 50 4.0 25 2.5
290-319 1218 4.4 25 2.7 131 4.4 75 6.0 50 5.0
320-389 993 3.6 32 3.5 109 3.7 58 4.6 44 4.4
460-519 1995 7.2 78 8.5 230 7.8 77 6.1 61 6.1
520-579 1786 6.5 66 7.2 180 6.1 81 6.4 63 6.3
580-629 1204 4.4 50 5.5 188 6.4 45 3.6 49 4.9
630-679 37 0.1 10 1.1 13 0.4 2 0.2 3 0.3
680-709 264 1.0 12 1.3 36 1.2 12 0.9 6 0.6
710-739 599 2.2 16 1.8 85 2.9 21 1.7 11 1.1
740-759 144 0.5 5 0.6 14 0.5 4 0.3 5 0.5
780-799 1173 4.3 47 5.1 128 4.3 51 4.0 39 3.9
800-999 2266 8.2 55 6.0 189 6.4 128 10.2 124 12.5
E and V codes 3264 11.8 87 9.5 252 8.5 127 10.1 105 10.6
Refer Table 13 for ICD-9 codes
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Table 6: Description of the sample by Race, n = 33,686
Variable Levels x̄ s




















Table 7: Unadjusted Linear Regression for Length of ICU stay
Dependent variable:
Length of ICU Stay
White Females 1.012 (0.989, 1.035)
Hispanic/Latino Males 0.951 (0.887, 1.019)
Hispanic/Latino Females 0.956 (0.879, 1.041)
Black/African-American Males 0.969 (0.920, 1.022)
Black/African-American Females 0.962 (0.916, 1.011)
Asian Males 0.987 (0.908, 1.073)
Asian Females 0.902∗ (0.821, 0.992)
Other Males 0.986 (0.913, 1.064)
Other Females 1.096 (0.995, 1.208)
Constant 2.365∗∗∗ (2.330, 2.400)
Note: Values indicate Odds Ratio (95% CI) ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table 8: Adjusted Linear Regression for Length of ICU stay
Dependent variable:
Length of ICU Stay
White Females 0.973∗ (0.952, 0.994)
Hispanic/Latino Males 0.996 (0.933, 1.063)
Hispanic/Latino Females 0.967 (0.894, 1.047)
Black/African-American Males 0.967 (0.920, 1.016)
Black/African-American Females 0.942∗ (0.899, 0.987)
Asian Males 0.996 (0.921, 1.076)
Asian Females 0.942 (0.863, 1.028)
Other Males 1.025 (0.954, 1.101)
Other Females 1.069 (0.977, 1.169)
Age 0.995∗∗∗ (0.994, 0.996)
Medicaid 0.943 (0.885, 1.004)
Medicare 0.912∗∗ (0.859, 0.969)
Private 0.960 (0.907, 1.017)
Self Pay 0.831∗∗∗ (0.752, 0.919)
Single/Widowed 0.920∗∗∗ (0.901, 0.940)
Separated/Divorced 0.921∗∗∗ (0.887, 0.957)
Unknown 0.955 (0.907, 1.004)
001-139 1.104∗∗ (1.040, 1.173)
140-239 0.852∗∗∗ (0.805, 0.903)
240-279 0.908∗∗∗ (0.878, 0.940)
280-289 0.916∗∗ (0.869, 0.966)
290-319 0.834∗∗∗ (0.794, 0.877)
320-389 0.887∗∗∗ (0.842, 0.936)
460-519 1.209∗∗∗ (1.162, 1.259)
520-579 0.922∗∗∗ (0.884, 0.962)
580-629 0.980 (0.933, 1.028)
630-679 0.983 (0.791, 1.222)
680-709 0.815∗∗∗ (0.740, 0.899)
710-739 0.791∗∗∗ (0.740, 0.845)
740-759 0.786∗∗∗ (0.688, 0.898)
780-799 0.931∗∗ (0.886, 0.979)
800-999 1.013 (0.974, 1.053)
E and V codes 0.832∗∗∗ (0.804, 0.861)
Total Number of Comorbidites 1.080∗∗∗ (1.076, 1.085)
Total Number of ICU Stays 1.023∗∗∗ (1.014, 1.031)
Emergency Admission 0.891∗∗∗ (0.863, 0.919)
Urgent Admission 0.960 (0.892, 1.032)
Referrals 0.776∗∗∗ (0.752, 0.801)
E.R 0.876∗∗∗ (0.851, 0.901)
Dead 1.486∗∗∗ (1.437, 1.538)
Other Medical Facility 1.713∗∗∗ (1.674, 1.752)
Left Against Medical Advice 0.756∗∗∗ (0.667, 0.856)
Constant 2.466∗∗∗ (2.273, 2.676)
Note: Values indicate Odds Ratio (95% CI) ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Refer Table 13 for ICD-9 codes
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Table 9: Unadjusted Logistic Regression for Hospital Mortality
Dependent variable:
Hospital Mortality
White Females 1.213∗∗∗ (1.124, 1.309)
Hispanic/Latino Males 0.645∗∗ (0.478, 0.852)
Hispanic/Latino Females 0.633∗ (0.435, 0.889)
Black/African-American Males 0.839 (0.685, 1.017)
Black/African-American Females 0.854 (0.709, 1.020)
Asian Males 1.095 (0.817, 1.438)
Asian Females 1.169 (0.846, 1.579)
Other Males 0.968 (0.731, 1.259)
Other Females 1.239 (0.895, 1.676)
Constant 0.111∗∗∗ (0.106, 0.117)
Note: Values indicate Odds Ratio (95% CI) ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table 10: Adjusted Logistic Regression for Hospital Mortality
Dependent variable:
Hospital Mortality
White Females 1.035 (0.954, 1.123)
Hispanic/Latino Males 0.786 (0.576, 1.049)
Hispanic/Latino Females 0.723 (0.492, 1.027)
Black/African-American Males 0.819 (0.665, 1.001)
Black/African-American Females 0.782∗ (0.644, 0.943)
Asian Males 0.949 (0.699, 1.266)
Asian Females 1.126 (0.802, 1.548)
Other Males 0.966 (0.720, 1.274)
Other Females 1.163 (0.827, 1.600)
Age 1.026∗∗∗ (1.023, 1.029)
Medicaid 1.243 (0.916, 1.715)
Medicare 1.106 (0.829, 1.504)
Private 1.057 (0.796, 1.433)
Self Pay 2.560∗∗∗ (1.702, 3.855)
Single/Widowed 0.935 (0.861, 1.016)
Separated/Divorced 0.882 (0.754, 1.028)
Unknown 2.570∗∗∗ (2.224, 2.965)
001-139 1.378∗∗ (1.124, 1.681)
140-239 1.941∗∗∗ (1.587, 2.361)
240-279 0.976 (0.852, 1.115)
280-289 0.820 (0.661, 1.010)
290-319 0.514∗∗∗ (0.400, 0.652)
320-389 1.364∗∗ (1.129, 1.639)
460-519 1.559∗∗∗ (1.360, 1.784)
520-579 0.982 (0.834, 1.153)
580-629 1.064 (0.897, 1.257)
630-679 0.00001 (0.000, 0.001)
680-709 0.598∗ (0.393, 0.876)
710-739 0.689∗ (0.511, 0.911)
740-759 0.927 (0.410, 1.814)
780-799 1.026 (0.850, 1.232)
800-999 0.941 (0.803, 1.099)
E and V codes 0.872∗ (0.760, 0.999)
Total Number of Comorbidities 1.153∗∗∗ (1.136, 1.170)
Emergency Admission 3.424∗∗∗ (2.841, 4.157)
Urgent Admission 3.050∗∗∗ (2.172, 4.234)
Referrals 0.818∗∗∗ (0.726, 0.922)
E.R 1.242∗∗∗ (1.120, 1.378)
Constant 0.002∗∗∗ (0.002, 0.003)
Note: Values indicate Odds Ratio (95% CI) ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Refer Table 13 for ICD-9 codes
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Table 11: Unadjusted Linear Regression for Delays in Discharge
Dependent variable:
Delays in Discharge
White Females 27.372∗∗ (7.958, 46.787)
Hispanic/Latino Males 5.359 (−51.434, 62.152)
Hispanic/Latino Females −32.307 (−100.077, 35.462)
Black/African-American Males −1.392 (−45.571, 42.787)
Black/African-American Females 52.795∗ (11.882, 93.708)
Asian Males 43.136 (−25.937, 112.208)
Asian Females −57.963 (−135.422, 19.496)
Other Males −4.091 (−71.380, 63.198)
Other Females 84.027 (−0.536, 168.590)
Constant 577.655∗∗∗ (564.899, 590.411)
Note: Values indicate beta (95% CI) ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table 12: Adjusted Linear Regression for Delays in Discharge
Dependent variable:
Delays in Discharge
White Females 16.423 (−3.352, 36.199)
Hispanic/Latino Males 1.006 (−56.341, 58.353)
Hispanic/Latino Females −37.480 (−105.489, 30.529)
Black/African-American Males −16.997 (−61.314, 27.320)
Black/African-American Females 31.156 (−10.439, 72.750)
Asian Males 36.609 (−32.508, 105.726)
Asian Females −56.639 (−134.099, 20.821)
Other Males −2.667 (−69.878, 64.545)
Other Females 83.575 (−0.651, 167.800)
Age −0.330 (−1.036, 0.377)
Medicaid −12.994 (−68.647, 42.658)
Medicare −20.691 (−73.861, 32.478)
Private −16.959 (−67.835, 33.918)
Self Pay −11.723 (−110.841, 87.396)
Single/Widowed −6.468 (−26.068, 13.131)
Separated/Divorced −12.733 (−47.076, 21.609)
Unknown 47.534 (−9.298, 104.366)
001-139 17.569 (−38.891, 74.029)
140-239 21.469 (−32.971, 75.910)
240-279 −7.858 (−39.124, 23.407)
280-289 −10.778 (−57.778, 36.222)
290-319 −33.951 (−77.846, 9.943)
320-389 −6.147 (−52.048, 39.755)
460-519 23.296 (−15.183, 61.775)
520-579 −37.288 (−75.174, 0.598)
580-629 34.435 (−9.126, 77.996)
630-679 −65.535 (−268.158, 137.088)
680-709 42.306 (−44.551, 129.164)
710-739 97.366∗∗∗ (39.922, 154.809)
740-759 −25.399 (−157.736, 106.937)
780-799 −13.553 (−58.333, 31.226)
800-999 −6.307 (−43.636, 31.022)
E and V codes −30.778∗ (−61.133, −0.423)
Total Number of Comorbidities 3.277 (−0.541, 7.094)
Total Number of ICU Stays 7.283 (−1.843, 16.410)
Emergency Admission −5.729 (−33.435, 21.977)
Urgent Admission 3.637 (−76.212, 83.487)
Referrals −29.571∗ (−57.755, −1.387)
E.R 105.359∗∗∗ (78.605, 132.113)
Dead 17.369 (−27.765, 62.504)
Other Medical Facility 68.209∗∗∗ (48.010, 88.408)
Left Against Medical Advice −91.311 (−211.610, 28.988)
Constant 545.260∗∗∗ (471.316, 619.204)
Note:Values indicate beta (95% CI) ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Refer Table 13 for ICD-9 codes
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Table 13: ICD-9 Primary Code Classification
ICD-9 Code Classification
390-459 Diseases of the circulatory system
001-139 Infectious and Parasitic Diseases
140-239 Neoplasms
240-279 Endocrine, nutritional and metabolic diseases, and immunity disorders
280-289 Diseases of the blood and blood-forming organs
290-319 Mental disorders
320-389 Diseases of the nervous system and sense organs
460-519 Diseases of the respiratory system
520-579 Diseases of the digestive system
580-629 Diseases of the genitourinary system
630-679 Complications of pregnancy, childbirth, and the puerperium
680-709 Diseases of the skin and subcutaneous tissue
710-739 Diseases of the musculoskeletal system and connective tissue
740-759 Congenital anomalies
760-779 Certain conditions originating in the perinatal period
780-799 Symptoms, signs, and ill-defined conditions
800-999 Injury and poisoning
E and V codes External causes of injury and supplemental classification
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